The authors studied the effectiveness of community-wide health education on physical activity knowledge, attitudes, self-efficacy, and behavior. Random samples of residents aged 18-74 years who lived in four central California cities (baseline, n = 1,056 men and 1,183 women) were evaluated in 1979-1980 and approximately every 2 years thereafter to obtain four independent samples. Moreover, every subject in the initial independent samples was asked to return for follow-up every 2 years thereafter; subjects who completed all four examinations constituted the cohort sample (n = 408 men and 499 women). Two medium-sized cities received health education and two similarly sized cities served as controls. Results indicated little consistent evidence of a treatment effect on physical activity knowledge, attitudes, or self-efficacy in either men or women. Among physical activity measures, there was an indication of a positive treatment effect for men in the independent samples for estimated daily energy expenditure and percent participation in vigorous activities (p < 0.01), and for women in the independent (p = 0.014) and cohort (p < 0.01) samples for engagement in the number of moderate activities. These results underscore the need for development of more effective interventions to change physical activity than is provided by a broad-based, community-wide health education program and for more sensitive and reliable measures of knowledge, attitudes, and behavior with regard to physical activity. Am J Epidemiol 1996; 144:264-74. cardiovascular diseases; coronary disease; exercise; health education; physical fitness
The health benefits of regular physical activity (1) (2) (3) (4) (5) and enhanced physical fitness (6) (7) (8) include lower all-cause and coronary heart disease mortality. Results from early studies indicated that individuals who were more physically active at work had lower rates of coronary disease compared with peers who worked in sedentary jobs (1, 2) ; these findings have since been extended to leisure-time physical activity (3) (4) (5) . Comprehensive reviews of investigations that have examined this association have found that the relative risk of coronary disease associated with physical activity is 1.9 (9, 10) . Moreover, a theoretical estimate of the public health burden of sedentary living in the United States suggests that a population shift in physical activity level may reduce coronary disease mortality by 5 percent and overall mortality by 1.5 percent (11).
Community-based interventions designed to increase physical activity levels therefore have wide-ranging public health implications.
Research projects designed to evaluate the effectiveness of community-wide health education interventions in bringing about population-wide reductions in cardiovascular risk factors and future cardiovascular events have included physical activity components in their educational design. The educational component of the North Karelia Project in Finland (12) and the Stanford Heart Disease Prevention Program's Three Community Study (13) included recommendations for increased physical activity, although changes in activity level were not formally evaluated. The more recent demonstration projects, the Stanford Five-City Project (14) , the Minnesota Heart Health Program (15) , and the Pawtucket Heart Health Program (16) , have all included educational messages regarding increased physical activity, and will have collected sufficient data to assess the effects of the intervention with respect to changes in physical activity level.
This report summarizes the effectiveness of 6 years of the Stanford Five-City Project's community health education intervention for improving physical activity Effect of Community Health Education on Physical Activity Behavior 265 knowledge, attitudes, and behavior. The educational component of the trial incorporated learning theories and community change theories, and was designed to alter: 1) cardiovascular health-related knowledge; 2) attitudes regarding benefits of adopting a more healthy life-style; 3) self-efficacy to make needed healthrelated behavior changes; and 4) health-related behavior change that would result in a lower cardiovascular risk profile. Previous reports have been published regarding effects of the intervention on overall cardiovascular risk reduction (17) , as well as the individual risk factors of blood pressure (18) , body mass index and weight control (19) , smoking (20) , and diet and cholesterol levels (21) . This report completes the series by providing information as to the effectiveness of the intervention on increased physical activity behavior.
MATERIALS AND METHODS
The design and methods of the Stanford Five-City Project have been extensively described (14) . Hence, a brief summary follows:
Subjects
Residents in the health education intervention cities of Monterey and Salinas and the reference communities of Modesto and San Luis Obispo were asked to participate in the project. The third reference community, Santa Maria, included only cardiovascular morbidity and mortality surveillance. Participants were identified from randomly selected households, in which all persons who lived in the household and who were aged between 12 and 74 years were invited to participate in health surveys. Independent cross-sectional surveys were conducted in all four cities at baseline (1979) (1980) and after 25, 51, and 73 months (1981-1982, 1983-1984, and 1985-1986 , respectively). Additional repeated surveys of those participants who participated at baseline were conducted at 17, 39, and 60 months (1980-1981, 1982-1983, and 1984-1985, respectively) , comprising the cohort sample of the study. This report includes data on men and women who were initially between the ages of 18 and 74 years. At the baseline evaluation, 1,056 men and 1,183 women between these ages were surveyed in the four communities, representing a 68 percent response rate. All participants received a comprehensive health assessment, including surveys of health knowledge, attitudes, and behaviors; medical status; and cardiovascular risk factor status (14) .
Assessment of physical activity knowledge
Physical activity knowledge was assessed from the sum of correct answers to five self-administered questions imbedded in the cardiovascular health knowledge and attitudes survey. These questions included items regarding knowledge about: 1) exercises that are best for preventing heart disease; 2) the recommended frequency and duration of exercise to improve heart and lung fitness; 3) the benefit of regular physical activity for improved carbohydrate and fat metabolism; 4) the inability of regular exercise to prevent the harmful effects of cigarette smoking; and 5) possible symptoms that may indicate a person may be exercising harder than he/she should. Internal consistency for these variables, as represented by Cronbach's alpha, was 0.58.
Assessment of physical activity attitudes
Seven items that specifically addressed individuals' attitudes toward physical activity were included in the cardiovascular health survey. Although each item was originally designed to tap into a specific attitude thought to influence physical activity participation, some of the items may have had similar dimensions. Therefore, principal components analysis was performed, resulting in two principal components with eigenvalues greater than 1.0. Three items relating to "perceptions of difficulty of exercise" loaded highly on the first principal component. The second principal component had two items that loaded highly; these items represented the "health risk and reaction associated with lack of regular exercise." Attitudes of "exercise difficulty" and "health risk and reaction" were determined from the sum of the items clustering in the two respective principal components. The two remaining exercise attitude items did not load onto either principal component. Thus, items representing "it is hard to find time to exercise" and "feeling self-conscious while exercising" were evaluated separately. Spearman correlations between the four variables ranged from 0.01 to 0.50, with the highest correlations being between "exercise difficulty" and "time barrier" (Spearman's rho = 0.50 for men and 0.44 for women) and "exercise difficulty" and "feeling self-conscious" (Spearman's rho = 0.23 for men and 0.30 for women). For consistency among the attitude scores, the items representing "health risk and reaction" were recoded in order to allow a low score to represent an unfavorable attitude and a high score to represent a favorable attitude.
An additional question was asked regarding an individual's serf-efficacy for vigorous physical activity. This item related to confidence that respondents could motivate themselves to engage in vigorous activity (e.g., jogging, running, swimming laps, playing racquetball, digging, and loading or unloading heavy objects) for one-half hour, three or more times per week. Responses were determined from a 1 to 9 scale that was grounded with "not at all confident" and "absolutely confident."
Assessment of physical activity behavior
Several physical activity assessment measures were used to evaluate both baseline physical activity and change over the course of the intervention. One of the strategies of the physical activity intervention was to encourage a more active life-style for the entire community; therefore, participants could increase their physical activity in a variety of ways. Vigorous activity programs or formal exercise programs were not exclusively emphasized. Hence, physical activity assessment tools that evaluated daily energy expenditure, engagement in moderate and vigorous activities, and global activity levels were utilized. A previous report (22) indicated low to moderate intercorrelations between physical activity variables, suggesting different physical activity domains were being assessed from the measures chosen for this project.
Daily energy expenditure. The interviewer-administered Stanford 7-day physical activity recall was developed specifically for this project to estimate total daily energy expenditure. This physical activity measure has been previously described (22) and validated (23) . The participants were asked to estimate the number of hours spent over the last 7 days in sleep, and in moderate, hard, and very hard activity; light activity was calculated as the remaining time after accounting for time spent in the other activities. Activities were classified by their energy requirements and expressed as metabolic equivalents (METs), i.e., work metabolic rate/rest metabolic rate. The mean value of each activity category was used to compute caloric expenditure, where 1 MET = 1 kcal per kg body weight per hour, or resting metabolic rate. The activity categories were estimated as follows: sleep = 1 MET; light activity = 1.5 METs; moderate activity = 4 METs; hard activity = 6 METs; and very hard activity =10 METs. These values were multiplied by hours spent in each activity level and summed across categories to determine an estimation of energy expenditure as total kcal per kg body weight per day (kcal-kg^'-day" 1 ). Previously published reliabilities for the 7-day recall indicated 2-week test-retest reliabilities for total energy expenditure ranging from 0.41 to 0.66, depending on sex and body mass index.
Usual and vigorous activity. Participants were also asked about their regular involvement in a series of moderate (performed regularly or "usual activities") and vigorous activities over the previous 3 months. Usual activities were defined as activities that were moderate in intensity and required an energy expenditure of 3-5 METs; vigorous activities required an energy expenditure of ^6 METs. Examples of usual activities included climbing stairs instead of taking the elevator and walking instead of driving a short distance. The number of activities reported was summed to create the variable "usual activity." Vigorous activities consisted of items such as jogging or running at least 10 mi (16.1 km) per week or playing strenuous racquet sports at least 5 hours per week. Participation in at least one such vigorous activity was used to determine percent participation in vigorous activities. Test-retest reliability over a 2-week time period was 0.75 for number of usual activities and 0.83 for number of vigorous activities (22) .
Global self-estimates of physical activity. A global estimate of relative physical activity was obtained by asking, "How do you rate the physical activity you are now getting compared to others your same age and sex?" Responses ranged from 1 = extremely inactive to 7 = extremely active. Subjects also were asked to evaluate global physical activity change by responding to the question, "Compared to a year ago, how much regular physical activity do you currently get?" Responses ranged on a five-point scale from "much less" to "much more." Both global self-estimates of physical activity were significantly associated with daily energy expenditure as assessed from the 7-day recall (23) .
Intervention
The Stanford Five-City Project intervention was a 6-year integrated community-wide multifactorial risk reduction education program that began in 1980 and targeted all residents of Monterey and Salinas who were aged 12-74 years (14) . As part of the intervention, information was disseminated regarding the benefits of physical activity, and promotional efforts were begun to encourage increased levels of physical activity behavior. The physical activity intervention, as well as the other components of the health education program, covered multiple targets through multiple channels and settings. The first 2 years of the intervention focused on creating awareness and knowledge of the need to exercise regularly, the benefits of regular physical activity, and ways of carrying out a safe and effective physical activity program. During this time, the following materials and programs were implemented: English and Spanish print materials were developed; a weekly newspaper column that contained periodic information on physical activity was published; and talks, seminars, and workshops were conducted by health professionals who supplied relevant information on physical activity. Community coordinators, who were employed by the project, organized walking events as well as a neighborhood-based group program called "Heart and Sole," which used lay leaders to conduct walking groups in a variety of local settings. The lay leaders, who were already exercisers, were taught how to recruit participants for an exercise group and how to lead the group. Although fewer than 1,000 people participated in the Heart and Sole program, a few of the groups started in 1983 continued for at least 5 years. Groups were created at many sites, including retirement centers, trailer parks, and neighborhoods. Community-based fitness assessments were also made available to community members at minimal cost.
During Years 3 and 4, the above programs were expanded and tailored to further reach special populations including women, older adults, and Hispanics. A 16-page exercise booklet was developed and distributed to approximately 25,000 individuals. Four 3-minute segments were developed for the evening television news. The segments described the benefits of exercise, how to get started, provided testimonials, and discussed how to maintain an exercise program. Additional public service spots focused on the effects of exercise on weight loss and the benefits of regular walking and aerobic exercise. The TV news segments were subsequently woven into a half-hour videotape on exercise that was provided to community groups.
Worksite exercise programs became a major focus of the education program during Years 5 and 6. The "Coming Alive 85" program was developed to promote regular participation in physical activity (24) . In Year 5, 87 worksites were involved in the program, with approximately 3,000 participants. "Coming Alive 85" involved recruiting worksites and identifying a contact person who then recruited individuals to participate in the program. Participants kept progress charts and received mailings designed to enhance motivation to continue physical activity participation. The worksites were encouraged to promote competitions and events. Interested persons, recruited through a direct mail campaign, regular public service announcements, and information distributed at worksites, also enrolled in a "Healthy Living Program," which provided low-level fitness assessments, walking and jogging print materials, a newsletter, and community events (25) . Furthermore, children and their parents were encouraged to participate in physical activity programs through a school-based "Race to Health" series and exercise booklets designed for parents. Finally, previously developed public service spots continued to be shown on television throughout this phase of the intervention. Figure 1 shows the estimated number of messages or events available per person via specific channels for physical activity for the first 5 years of the intervention. In the first 2 years, the largest number of messages delivered was through the weekly newspaper column. In Years 4 and 5, the television spots accounted for the very large number of messages per person. The activities of "Coming Alive 85" are reflected in the increased numbers from direct contact. Although relatively few people were reached, those who were reached received a more intensive intervention.
Analysis
This report includes findings from the four crosssectional surveys or independent samples, designated 1-1 to 1-4, and four cohort surveys, designated C-l to C-4, which cover the first 6 years of the project's educational component. All of the subjects in the baseline survey (1-1) were asked to return every 2 years (C-2 to C-4) (10). C-l includes those subjects from 1-1 who participated in all of the subsequent surveys. Additional cross-sectional surveys (1-2 to 1-4) were conducted at 2-year intervals, although they were staggered by one year from the cohort surveys (14) .
All of the variables evaluated in this report were not measured at all time points. Specifically, two of the four attitude items were only measured at 1-1 and 1-2; the other two were measured at 1-1, 1-2, and 1-3, but not at 1-4; self-efficacy for vigorous activity was not measured at 1-3; and estimated daily energy expenditure was only measured at 1-1, C-l, 1-4, and C-4. Analyses were therefore performed using the data available at each given survey. For the independent samples, differences in response over time between the treatment and control cities for physical activity knowledge, attitudes, and behavior were evaluated using analysis of covariance with subject as the unit of analysis. All models included the following variables: age, education, city, time of survey (in which baseline = time 0), condition (treatment vs. control), time by condition, and time by city within condition, and all factors were designated as fixed. The main independent variables were time and time by condition; the variables age and education were the covariates. Time of survey was evaluated as a categorical variable in order to detect possible nonlinear trends. The claim of a treatment effect was based on a significant time by condition interaction.
For the cohort sample, a random linear regression model was used. For each individual cohort subject and each variable, a slope of response on time was computed and used as the dependent variable in the analysis of covariance models described above. Similar to the cross-sectional surveys, if a treatment effect was found, the city within condition interaction was evaluated to see if cities acted in a similar manner.
Because the women's baseline physical activity level was lower than the men's and the physical activity intervention component may have differentially influenced the physical activity patterns of men and women, sex-specific analyses were run. A two-tailed test of significance was employed, with the level of significance set at 0.01, given the large number of analyses run (11 variables for each subgroup).
Preliminary analyses were run to determine if there were any indications of intra-city correlation of responses, which may raise questions about the use of subject as the unit of analysis. In general, there were no such indications. However, the analyses were also run at the city level. With only two cities per group, and substantial heterogeneity between cities at baseline, as expected, no significant treatment effects were found. It should be noted that positive intra-city correlation would likely attenuate the estimators of within-group variance, thus creating false positive results when the analyses are performed using subject as the unit of analysis. In this report, however, we are reporting primarily negative results, which would not be compromised by this bias.
RESULTS
Each independent survey consisted of approximately 1,800 to 2,500 participants (response rates were 65, 70, 65, and 56 percent, respectively, for surveys 1-1,1-2, 1-3, and 1-4). Approximately 75 percent of the persons contacted who refused to be surveyed were willing to answer a few questions over the telephone, which allowed us to characterize the nonrespondents. The nonrespondents across most surveys were less likely to speak English or to be smokers, and were less educated than the participants (17) . Differences between respondents and nonrespondents were similar in treatment and reference cities.
There were 408 men and 499 women between ages 18 and 74 years sampled in the first survey who participated in all subsequent surveys and who formed the cohort sample for this report. The high dropout rate of this sample (61 percent) was primarily due to emigration (17) . Persons who did not participate in all four cohort surveys were significantly younger, less well educated, and more likely to be smokers and less knowledgeable about cardiovascular disease compared with the participants who completed all four surveys (17) .
As shown in table 1, there were significant baseline differences between treatment and control cities for most demographic variables. Women and men who resided in the control cities were more likely to be white, non-Hispanic, and more highly educated, less likely to smoke, and to have lower body mass indexes than the participants who lived in the treatment cities. Furthermore, the men in the control cities were significantly younger than the men in the treatment cities.
Physical activity knowledge, attitudes, and selfefficacy
There was no evidence for a significant impact of the education effort on knowledge, attitudes, or selfefficacy in women or men. A time by condition effect that approached significance was found for physical activity knowledge for men who lived in the treatment cities compared with men who lived in the control cities (independent samples, p = 0.013), and men in Salinas had a significantly greater increase in knowledge compared with men in Monterey (independent samples, p < 0.001) (see table 2 ). This effect was not found for the women, nor were differences found in the cohort sample. Attitudes and self-efficacy for physical activity did not significantly change between treatment and control cities for either the independent or cohort samples. Table 2 presents the city by time means of estimated daily energy expenditure, sum of usual activities, and percent engagement in vigorous activities for the independent and cohort samples. There were few treatment effects found for the behavioral measures of physical activity, and the improvements were not always consistent between treatment cities. As measured by the Stanford 7-day physical activity recall, estimated daily energy expenditure showed a significant treatment effect in men (independent samples, p < 0.006), but the improvements occurred only in Salinas (p < 0.0001). The number of men who regularly engaged in at least one vigorous activity significantly differed over time between the treatment and control cities (independent samples only, p < 0.004). No significant differences were found for the global estimates of physical activity for women or men.
Physical activity behavior
The evidence for a treatment effect for the sum of usual activities variable was more consistent than for the other physical activity variables. There was a difference over time in the number of usual activities in which women in the control cities engaged compared with women who lived in the intervention cities for both the independent {p = 0.014) and cohort samples (p < 0.001). For the men, differences were not significant, but a trend was found for an increase in the treatment cities relative to the control cities for the independent {p = 0.03) and cohort samples (p = 0.04). These results are presented in graph form in figure 2 . For the independent samples, the improvements for men and women again occurred in Salinas relative to Monterey {p < 0.01).
Overall time trends
Physical activity knowledge significantly increased for men and women in both the independent and cohort samples. Women in the cohort sample had a more favorable attitude over time regarding lack of time as a barrier to physical activity (p < 0.01). Reported self-efficacy to engage in vigorous activity increased for both men and women in the independent samples, but it decreased in the cohort sample (p < 0.001). Estimated daily energy expenditure and sum of usual activities significantly increased over time for men and women in the independent samples (p < 0.001). Global relative activity compared with others of the same age and sex significantly decreased over time in men and women in both the independent and cohort samples (p < 0.001). No other significant time trends for the physical activity variables were noted.
Overall age and education trends
There were significant age and education effects for physical activity knowledge, self-efficacy, and several of the physical activity behavior variables for most of the analysis of covariance models. In general, they were in expected directions. For example, physical activity knowledge, self-efficacy to engage in vigorous activity, estimated daily energy expenditure, and regular engagement in both usual and vigorous activities were inversely related to age. The more highly educated participants had greater physical activity knowledge and self-efficacy for vigorous activity, participated in a greater number of usual activities, and were more likely to regularly engage in vigorous activity. Men in the independent samples who had a higher education level felt lack of time was a barrier to exercise compared with less educated men.
DISCUSSION
The overall conclusion from examining the data summarized in this report is that the educational intervention had little, if any, impact on physical activity. The strongest evidence for a treatment effect was for the sum of usual activities, which was significant for women in the cohort sample and approached significance for women in the independent samples and for men in both samples. Results from the estimated daily energy expenditure and percent participation in vigorous activities variables for the men in the independent samples also suggested a treatment effect. However, much of the differential changes in knowledge, attitudes, self-efficacy, and measures of physical activity behavior were either insignificant or inconsistent between treatment cities. The paucity of significant findings occurred even with the multiplicity of outcome variables used and with subject as the unit of analysis, both of which should promote false positive results. These results document the difficulty of developing effective community-wide interventions that result in a substantial change in individuals' physical activity levels.
The objective of the physical activity intervention of the Stanford Five-City Project was to produce an overall increase in physical activity by having residents take advantage of opportunities throughout the day to be more active (e.g., walk to the store, climb more stairs, or mow the lawn), to participate frequently in recreational activity (e.g., go for a hike or play tennis), and to enroll in physical fitness classes (e.g., aerobic dance or jogging). The educational messages attempted to motivate residents to exercise by emphasizing the wide array of health and physical performance benefits that result from regular physical activity and to instruct them on how to successfully initiate and maintain a program of regular physical activity. As displayed in figure 1 , approximately 44 physical activity messages or contacts per person occurred in the intervention communities over the first 5 years of the intervention. This compared with the overall reach of 527 educational messages and contacts per person for all health messages for the first 5 years (17), with nutrition and weight control receiving the greatest attention (222 messages) and blood pressure awareness next (114 messages). Thus, while a variety of different physical activity messages were communicated over various channels, the total number of contacts per resident in the two intervention cities was only approximately nine per year, or approximately one every 6 weeks. The lack of strong evidence for a treatment effect of physical activity needs to be interpreted in light of this relatively weak intervention effort.
The physical activity intervention, which was developed in the late 1970s, was innovative in that it included a strategy of incorporating moderate or usual activities into one's daily routine. The most persuasive indication for a treatment effect was the increase in the number of usual activities in which men and women participated in the treatment cities relative to the control cities and the uniformity of the increase over time. The magnitudes of change from baseline to the fourth survey (1-4 and C-4) ranged from a constant level for men in the independent samples who lived in Monterey to over 23 percent for men who lived in Salinas. These results may indicate that adults are more receptive to physical activity messages that encourage incorporation of moderate-intensity activities into their life-styles, which generally can be accomplished with less disruption in their daily schedules. The recent recommendation by the Centers for Disease Control and Prevention and the American College of Sports Medicine (26) that emphasized the health benefits of moderate-intensity physical activity may have particular relevance for the design of future public health approaches that encourage the adoption of a more active life-style.
In order for health education campaigns to be effective at the community level, it may be necessary to first segment the population into subgroups that are similar in terms of sociodemographic, psychosocial, and physiologic variables and then to develop campaigns that are specifically designed to target those subgroups (27) . The Stanford Five-City Project developed educational materials for Spanish-speaking residents and targeted Spanish media markets, which may have played a role in the differential improvements in physical activity in the participants in Salinas relative to participants in Monterey. Although the physical activity intervention was planned to include special populations such as older adults, women, and Hispanics, it did not precisely identify characteristics of subgroups at risk of being inactive. Perhaps if the audience had been further segmented into sedentary or low-active subgroups and mini-campaigns had been developed to specifically target these subgroups, more impressive overall results would have occurred. Future developers of community-level physical activity campaigns should include these considerations when planning their intervention strategies.
The lack of many findings in the cohort sample may have been a result of the project's timing. Although, overall, the health education messages were evenly spread out over the course of the intervention period, the greatest number of physical activity messages were delivered during Year 5. The last survey of the cohort (C-4) also began in this year, although the last independent survey (1-4) was staggered and began one year later (14) . It is possible that some members of the cohort were evaluated before they had an opportunity to be fully exposed to these physical activity messages.
Other community-based, primary prevention health education projects have included efforts to increase physical activity as part of their cardiovascular risk reduction strategies and have been able to evaluate the effects of the intervention. A high-risk subsample from the Stanford Three Community Study received mass media messages regarding the health benefits of increased physical activity as well as face-to-face instruction on ways to increase their activity level. However, perhaps due to an insensitive physical activity instrument combined with a minimal treatment effect, there were no significant differences between the treatment and control groups (13) . A recent report of risk factor changes in the Minnesota Heart Health Program (28) suggested that their health education intervention may have been successful at accelerating a secular trend for increased regular physical activity, particularly when a general physical activity question was evaluated. However, results from a random sample of subjects who were administered the extensive Minnesota Leisure Time Physical Activity Questionnaire suggested that increases were more modest than those found with the nonspecific assessment tool (28) . Direct comparisons with the present report cannot be made because different physical activity instruments were used, but Luepker et al. (28) reported that the apparent increase in physical activity was due to increased engagement in light activity, which is consistent with some of our findings of increased participation in usual activities in both the cross-sectional and cohort samples. This further strengthens our suggestion that community-wide strategies aimed at increasing moderate-intensity activities may be particularly appealing to adults.
The results of this project and of other studies (29, 30) underscore the difficulty of documenting that a community-based intervention increases the physical activity habits of individuals. While the discussion has focused on the effectiveness of the intervention, it should also be remembered that a viable alternative explanation for the paucity of positive findings may be the lack of reliable and sensitive physical activity measures. All of the measures reported here are based on self-report and recall. Individual differences among subjects in their use of reporting scales inflate the error variance and serve to conceal differences between the treatment and control groups. Several of the physical activity scales employed in the project have only a few possible response options, and subjects who give exactly the same response may differ, perhaps importantly, in their true response. Because the power to detect treatment effects depends on the sensitivity of the scale to detect true differences in response, this too serves to conceal treatment effectiveness. Inconsistency of subject's responses (intraindividual unreliability) and recall errors tend to even further diminish the power to detect treatment effectiveness. Thus, in addition to innovative interventions, alternative measures of physical activity may be necessary to document treatment effectiveness in promoting physical activity, which may include not only more sensitive self-report instruments but objective measures such as ambulatory monitoring.
A multifactorial health education campaign that included physical activity appeared at best to only have a modest effect on physical activity. Although the promotion of regular physical activity has reached the national public health agenda (31, 32) and most persons believe that regular physical activity is beneficial, the majority of the nation continues to be either underactive or completely sedentary (33) . This suggests that scientific efforts should continue to be placed on developing successful public health campaigns that promote increases in habitual physical activity. Research that develops effective methods to promote how easy it can be for individuals to incorporate moderate-intensity physical activity into their daily schedule and that specifically targets population subgroups that are known to be underactive may achieve greater success than previous intervention strategies.
